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Abstract: 
Humans can pay attention both to particular locations in space (“space-based attention”) 
and to specific objects (“object-based attention”). The goal of this study was to understand the 
role of object familiarity and complexity in the control of object-based attention. We used a well-
known manifestation of object-based attention known as same-object advantage (SOA) to test 
this. In SOA, participants are faster at detecting a target event that takes place in a cued object 
than one that takes place in an uncued object, even when the distance between cue and target is 
kept fixed. To control shape familiarity, objects in the current study were randomly-generated 
irregular polygons known as Attneave shapes. Experiment 1 showed that SOA exists for these 
irregular shapes, even when participants are unfamiliar with them. In Experiment 2, participants 
first underwent training designed to familiarize them with a subset of the Attneave shapes used 
in Experiment 1. Again there was a significant SOA. If object-based attention is dependent upon 
object familiarity, we hypothesized that SOA, measured in terms of reaction time, should be 
greater in Experiment 2 than Experiment 1. Although there was a numerical increase in the 
reaction time signature of SOA in Experiment 2, this effect was not significant. While this does 
not strictly support our hypothesis, several aspects of this study suggest that object familiarity 
does play some role in mediating object-based attention.  
Introduction: 
 Visual attention allows us to choose the most relevant information received by our visual 
system and use it to best guide our actions to meet our goals. How exactly we make this selection 
has been debated. Some hold that attention is space-based – attention is directed to a certain 
location, and everything that falls within this region is attended to. Anything outside this region 
is ignored. Object-based attention, on the other hand, emphasizes the importance of object 
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perception. According to this view, we direct our attention to discrete objects that are grouped 
pre-attentively in accordance with Gestalt grouping rules, and these objects are more efficiently 
attended to than the space or other figures around them that also lay within our gaze.  
Object-Based versus Space-Based Attention 
 The classic paradigm in attention studies is the cuing paradigm, such as that used by 
Posner et al. (1980). A visual cue signals that a target is forthcoming, presumably in that 
location. On valid trials, in which the cue and the target are in the same location, subjects are 
faster at detecting the target than they are with no cue; on invalid trials, in which the target and 
the cue are in different locations, they are slower than they would be without a cue. Space-based 
attention is typically describe it as a “spotlight” or “zoom lens” that facilitates perception within 
one’s gaze, regardless of what is present within that area. Many subsequent studies of attention 
have used a similar paradigm to tease apart more nuanced aspects of visual attention, including 
the effects of object-based versus space-based attention. Object-based attention theories hold that 
objects are preattentively segmented in accordance with Gestalt grouping principles, and that 
these objects or perceptual groups are then attended to more efficiently than the surrounding 
areas in space. 
 Duncan (1984) completed an early study which attempted to contrast spatial and object-
based attention. Subjects were shown two boxes, and asked to report on one or two of their 
features. The boxes were either large or small, had a gap on the left or right, and had dashed or 
dotted line running through them. Participants could name two features in one of the boxes as 
easily as they could name one, but identifying two features in different boxes decreased 
performance, indicating that it was more difficult to focus attention on two objects at a time.  
Although this result suggests that attention may have attached to objects, critics of this result 
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have argued that the deficit in identifying attributes in different objects compared to within a 
single objects might have resulted from  the fact that within-object pairs of attributes were 
spatially closer together, and therefore is also consistent with space-based attention.  
 “Same-Object Advantage” 
The discovery of a “same-object advantage” has been seen as strong evidence that 
attention can be object-based and that perhaps attention to objects is more automatic. Egly et al. 
(1994) set up a study of object-based versus spatially oriented attention with two parallel 
outlined rectangles. The length of the rectangles was equal to their distance from each other. The 
cue was a change in brightness at one end of one of the rectangles, and the target which followed 
was a square, at either the same or a different location at the end of one of the rectangles. On 
valid trials, the target was in the same location as the cue, and on invalid trials, the cue appeared 
at a different end of one of the rectangles. Catch trials, in which a cue appeared with no target, 
allowed the experimenters to ensure that participants were paying attention to the task. They 
found that the reaction time was longer if the invalid cue was on the opposite rectangle (“invalid-
different”) than if it was on the same rectangle (“invalid-same”), even though the distance 
between the cue and target locations stayed constant. This smaller cost in reaction time for 
invalid-same trials was seen as evidence of the fact that attention spreads across objects, not just 
across a set distance, because if attention was processed purely spatially, there would have been 
no difference between the two invalid conditions due to their equidistance from the cue. 
Previous studies, such as Duncan (1984), used very different procedures to study the two 
types of attention, which made it difficult to assess whether objects or locations take precedence. 
Often, the fact that two or more objects inherently occupy different locations in space caused 
further difficulty. The genius of Egly’s design is that it put predictions of object- and space-based 
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attention in opposition, and showed that object-focused attention happened more efficiently, at 
least in this case. 
Since this initial study, various researchers have performed studies that investigate 
various aspects of same-object advantage to address some potential pitfalls, and have used this 
effect to explore other aspects of object-based attention. There were some potential weaknesses 
to the Egly study which have been addressed by subsequent research. One objection is that the 
three-sided brightening of the rectangle’s line at one end that serves as a cue in Egly’s study 
indicating which way subjects should direct attention in the event of an invalid trial. This might, 
then, cause the result – that the target in invalid-same trials is detected faster than the target in 
the invalid-different trials – seen in the Egly et al. (1994) and those that followed, rather than the 
result being caused by increased efficiency of object attention. To test this explanation, Marrara 
and Moore (2003) repeated Egly’s experiment using four equidistant squares instead of the 
original two rectangles, and cued with a three-sided brightening of one square. They found no 
difference in reaction times on invalid trials when the three-sided brightening cue faced the target 
(as the cue does in invalid-same trials in the traditional same-object advantage paradigm) than 
when it did not. They found the same results with the same design when the four squares were 
demarcated by four dots at each corner, rather than solid lines. Same-object advantage only 
appeared when there were two rectangles made up of dots. Essentially, their study indicates that 
the brightening of three sides is not enough, by itself, to direct attention to the invalid-same 
location, and therefore does not seem to inherently hold any useful spatial information. 
Avrahami (1999) proposed that a potential explanation for same-object advantage was 
line-tracing, which is encouraged by objects but not necessarily a result of them. The effect of 
same-object advantage seen in the typical two-rectangle paradigm could be explained by the 
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general “grain” produced by these objects; rather than the objects themselves, participants might 
be biased to transfer their attention along a certain path based on the directionality of the lines. 
Avrahami used seven parallel lines as the stimuli rather than two rectangles and found a greater 
cost in reaction time when subjects’ attention had to go across the lines than when they had to go 
along the lines but in a longer distance. Next, curved “ribbons” were used instead of rectangles, 
and a same-object advantage was only found when they completed a discrimination task with 
extended time; the comparatively more fast-paced cuing paradigm did not produce this effect. 
These experiments indicate that same-object advantage could be a result of active line tracing 
from the cued location, given that proximity and closure are not necessary, and that for a more 
complex shape that does not follow a linear pattern, such as a ribbon, more time is needed for the 
object to be “traced” and for same-object advantage to manifest itself.  
Other studies have investigated just how “automatic” object-based attention to objects is. 
Ariga et al. (2007) investigated whether awareness of an object was required to produce object-
based attention using a paradigm based on Egly’s. Instead of using rectangles, however, this 
study used illusory contours created by two “pacmen” shapes (a circle with a rectangular cutout 
on one side) facing one another to create the impression of rectangles. No-object trials included 
these shapes, but they were not facing each other and thus did not appear to form a cohesive 
shape. A cue was presented, followed by the four pacmen. After the pacmen had been present on 
the screen for 400 milliseconds, a letter appeared in each blank space, either a “T” or an “F.” 
Three of one kind of letter would appear, and one of the other. The participants were instructed 
to indicate whether the odd letter out was a “T” or an “F,” and their reaction times were 
recorded. These reaction times were significantly shorter in the invalid-same condition than the 
invalid-different condition. In their next experiment, the procedure was the same, except that the 
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pacmen and the letters were flashed at the same time to produce an inattentional blindness to the 
shapes. When they were not aware of the objects, no same-object advantage was found; 
however, in the next experiment, participants were informed that there would be three different 
kinds of backgrounds – object, no object, and no background. When they were made aware of 
the backgrounds before performing the experiment, same-object advantage returned. 
 Yeari and Goldsmith (2010) investigated whether or not object-based attention is 
mandatory, and thus spreads throughout the whole object without our control, or whether it is 
under strategic control and can be directed to different parts of an object. They used reaction 
time during a same-object advantage paradigm as their measure of attentional spread. They 
varied the validity of the cue to attempt to manipulate the amount of spread of attention. They 
found that that with highly valid cuing and targets more probable at the invalid-different 
location, same-object advantage disappeared. Therefore, same-object advantage, and object-
based attention, can be overridden if it is not advantageous to apply it. This does not explain, 
however, why same-object advantage appears in the first place; it just indicates that alternate 
strategies can be implemented if object-based attention does not assist in processing the available 
information. 
 Marino and Scholl (2005) investigated what exactly defined an “object” in same-object 
advantage. Specifically, they investigated the effects of closure on same-object advantage. They 
argued that the results of Avrahami (1999) and the idea of line-tracing describing same-object 
advantage were not mutually exclusive with object-based attention explanations. Using the same 
cue-target paradigm that is typical in same-object advantage experiments, they found that there 
was no difference between closed rectangles and two sets of parallel lines that lacked closure in 
reaction times. However, they decided to further investigate this null result to see if there were 
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more subtle effects of closure on same-object advantage. Using a divided attention paradigm that 
gave subjects the task of identifying whether the two probes (rectangles or parallel groups of 
lines) had the same number of line segments, they compared accuracy for closed versus unclosed 
line segments. Though a same-object advantage was found for both rectangles and lines, the 
magnitude was different. Participants were more accurate when the rectangles were closed than 
when they were groups of lines without closure. Therefore, it seems that object-based attention 
does rely, in some capacity, on object closure. This evidence shows that, though object-based 
attention appears to be preferential under some circumstances, it is a nuanced phenomenon that 
relies on multiple factors. 
Neuroimaging Evidence 
 There is evidence that there are overlapping but distinct neural correlates to object-based 
and space-based attention. It is typically held that information about object identity is processed 
in the temporal cortex (“ventral stream”), and that information about object location is processed 
in the parietal cortex (“dorsal stream”); these ventral-dorsal distinctions may extend into the 
frontal lobe. Patients who have visuospatial neglect following a right parietal lesion have trouble 
processing the left side of a scene, and in some cases, they ignore the left side of objects (Driver 
and Halligan, 1991), which indicates that the objects and locations are processed differently. 
Fink et al. (1997) conducted a PET study to investigate the functional anatomy of object- and 
space-based attention. Subjects were asked either to attend to where an object appeared in space, 
or where a feature occurred in a particular object. Relative to control conditions, both types of 
attention produced a significant difference in activation in the left and right medial superior 
parietal cortex, left lateral inferior parietal cortex, left prefrontal cortex, and cerebellar vermis. 
Object-based attention produced differential activation in the left striate and prestriate cortex, 
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and space-based attention produced differential activation in the right prefrontal cortex and right 
interior temporal-occipital cortex.  
Like Egly et al. (1994), Müller and Kleinschmidt (2003) used the same cuing paradigm 
with two parallel objects in their fMRI study that measured activity in areas V1 through V4 in 
early visual cortex.  They investigated the difference in retinotopic representations of the stimuli 
in valid, invalid-same, and invalid-different trials. Activation in invalid-same trials was the same 
as valid trials; retinotopic activity in invalid-same conditions was observed before the target 
stimulus was identified. In the invalid-different trials, activity rose higher following the target 
presentation than in either of the other two conditions. These results are consistent with the 
theory that the deployment of spatial attention is guided by objects. The authors note that the 
activation they observed was likely the result of a feedback mechanism. 
Martínez et al. (2006) noted that fMRI has limited temporal resolution, and sought to 
supplement data from scans with a more temporally sophisticated method. The study used ERP, 
with fMRI as a supplement, to investigate the neural mechanisms underlying spatial and object-
centered attention. The paradigm was similar to Egly’s, but instead of a target in the form of a 
rectangle, all four corners were offset following the cue; the target corner became convex, and 
the other three became concave. Amplitude modulations in early-onset P1, which occurred 80-
128 milliseconds following the target, and N1, which occurred between 160 and 198 
milliseconds, were the indicators of attentional effects. Dipole source localization showed that P1 
corresponded to ventral locations, and N1 corresponded to the ventrolateral occipital cortex, 
including the lateral occipital complex (LOC), which has been implicated in object recognition. 
In invalid-same trials, N1 saw a much bigger spike in activity than in invalid-different 
conditions. This activity appears to be the result of discriminative processing of visual 
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information in the extrastriate cortex. These results are complementary to those of Müller and 
Kleinschmidt (2003) and indicate that directing attention to one location results in the spread of 
attention throughout the boundaries of that object. Overall, these neuroimaging results indicate 
that the processing for invalid-same and invalid-different trials look different in the brain, 
paralleling those differences seen in the behavioral data.  
Implications for this study 
Given this current body of evidence, there are some interesting areas left to explore. First, 
most previous studies of same-object advantage used minimal rectilinear shapes as “objects.” 
The most complex shapes used in same-object advantage have been the “ribbons” of Avrahami 
(1999) or the pacmen of Ariga et al. (2007). The first goal of this experiment was to understand 
whether same-object advantage extends to more complex shapes, particularly those with the 
kinds of irregular outlines found in real-world objects. Experiment 1 addresses this goal. We 
used a cuing paradigm most similar to the one used by Ariga et al. (2007); rather than pacmen, 
however, we used 30 irregular “Attneave” shapes with which the participants had no prior 
familiarity. The data was then broken down into valid, invalid-same and invalid-different trials, 
and the mean valid versus invalid and invalid-same versus invalid-different reaction times for 
each participant were compared. Our hypothesis was that same-object advantage would still 
appear, despite the increased shape complexity when compared with the other same-object 
advantage experiments that have been completed prior to this one. This hypothesis was proven to 
be true, though only when the shapes were oriented horizontally. 
Second, we wanted to understand the role of object familiarity in same-object advantage. 
Although this information is of interest in its own right, we were particularly interested in 
assessing same-object advantage to serve as a perceptual metric of object familiarity. This was 
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explored in Experiment 2. Extant studies (Year & Goldsmith, 2010; Beck & Palmer, 2002) have 
shown that learned cue locations can negate same-object advantage; however, no studies have 
focused on learned shapes. Before subjects completed the same-object advantage portion of the 
experiment, they were trained to become familiar with four of the shapes used in Experiment 1. 
They then performed the attentional portion with only the four shapes they had learned in the 
first part of the experiment. We then compared the mean reaction times in the invalid conditions 
between the two experiments and looked for a significant difference. It was hypothesized that the 
amount of same-object advantage might be significantly different for learned objects than it 
would be for novel objects; although the data show a trend toward a greater difference in reaction 
times between the invalid-same and invalid-different conditions for the trained versus untrained 
condition, this difference was not significant. 
EXPERIMENT 1 
Methods: 
Subjects: Thirty-one undergraduate students at Boston College completed the experiment 
as part of a research requirement for introductory psychology courses. Two subjects’ data were 
discarded for obvious inattentiveness manifest as poor accuracy (between 40 and 60 percent on a 
forced response two-choice task). This left twenty-nine participants whose data was analyzed for 
the final results. Informed consent was received from all participants in line with IRB protocol, 
and they were compensated with one research credit. 
Stimuli: The stimuli were 30 black “Attneave” shapes generated in Matlab and presented 
on a gray background. “Attneave” shapes are “meaningless two-dimensional…visual shape 
stimuli” often used in various types of studies, including studies of shape recognition (Collin and 
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McMullen, 2002). Attneave shapes are created using an algorithm developed by Attneave 
(1957).  
The shapes were oriented both horizontally and vertically and measured 3.98x7.97° and 
were presented 3.98° from the fixation cross. The fixation cross measured approximately 
0.5x0.5° and was presented in the middle of the screen. The cue was a red dot that measured 
1.33x1.33° and was presented in the same location as the end of the shape.  For the target and 
distractor, the first 1,000 pixels at each end of the shape were made white. The target was a gray 
stripe pattern in one of the white ends, each stripe one pixel wide, and was oriented horizontally 
or vertically. On each trial, three of the ends were plain white and one contained this stripe 
pattern. Stimuli were viewed on a CRT monitor that subtended 27.5 x 34° at a viewing distance 
of 57cm, and was driven at 1024x768 pixel resolution. 
Procedure: The time-course of each trial followed closely with that of Ariga et al.( 2007). 
Each trial began with a fixation cross in the middle of the screen for 500 milliseconds. The 
fixation was followed by a 100 ms cue dot at one of four possible locations, each displaced 
diagonally with respect to the fixation cross.  After a 200 ms blank interval, a pair of Attneave 
shapes appeared.  Pairs were oriented either horizontally (with one shape above fixation and 
another below) or vertically (with one shape to the right of fixation and the other to the left); in 
either case the end points of the two shapes corresponded to each of the four possible cue 
locations. For the first 400 ms each shape was shaded a uniform black, at which point one of the 
four shape ends (the target) was filled with an oriented grating pattern, while the other three (the 
distractors) were filled with an equiluminant shade of gray. The participants’ task was to indicate 
by pressing the “1” and “0” keys on the keyboard with the index fingers to represent vertical and 
horizontal, respectively, whether the target grating was oriented horizontally or vertically.  
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Participants were instructed to attend covertly to the cue and the target, keeping their eyes on the 
fixation cross throughout the experiment. They were also informed that, for most of the trials, the 
red dot cue and striped-end target were in the same location. Button presses within the first 150 
ms were disregarded.  Shapes remained visible for 5000 ms or until the participant responded.   
This particular style of paradigm was used because of previous studies that indicate that 
exogenous cues (e.g., cues at the location to be attended) lead to a same-object advantage more 
readily than endogenous cues (e.g., a central arrow pointing towards the location to be attended). 
Macquistan (1997) showed that endogenous cues did not create same-object advantage, perhaps 
because it does not capture attention as automatically to a given area; rather, subjects must use 
the arrow to direct their attention to a given location. Abrams and Law (2000) argued that, given 
the fact that the mechanisms between the two types of attention are different, with endogenous 
cues orienting behavior in a more voluntary, “goal-directed” way than the stimulus-driven 
exogenous cues. Given the varying results presented for endogenous cues in these studies and 
others (Goldsmith and Yeari, 2003), an exogenous cue was chosen for this particular experiment. 
Since using an outline such as Egly et al. (19944) would have been difficult given the irregularity 
of the shapes in question, Ariga et al. (2007), in which the exogenous cue appeared before the 
targets (and under which conditions significant results were achieved) so that the study could 
investigate the effects of shape awareness on object-based attention, was chosen as the model.  
Design: Cue position was a valid predictor of target location in 80 percent of trials 
(“valid” trials).  On 10 percent of trial the cue was invalid but fell within the same shape as the 
target location (“invalid-same” trials); in the final 10 percent the cue was invalid and fell in the 
shape that did not contain the target, at the end closest to the actual target (“invalid-different” 
trials).  Each subject was shown 480 trials, in three blocks of 160. These test trials were preceded 
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by practice trials until it was clear the participant understood the task they were being asked to 
complete. The trial sequence was randomized. Because of an error with the experiment, the first 
11 participants completed the final two trials in a non-randomized sequence; as a result, this data 
was discarded and only the first 160 trials they completed were used in the analysis. The 
experiment was created and run in E-Prime 2.0. The experimental procedure is displayed at the 
end of the section in Figure 1. In this figure, the cue appears in the upper left quadrant of the 
screen, and both the shapes and the target grating are horizontally oriented. The valid target is 
located on the left end of the upper shape, the invalid-same target is located on the right end of 
the upper shape, and the invalid-different target is located on the left end of the bottom shape. 
The distance between the left end of the bottom shape and the right end of the upper shape was 
equal.  
Data Analysis: Data for horizontally- and vertically-oriented shapes (distinct from target 
orientation) were analyzed separately. Means were found for each subject for the valid, invalid-
same, and invalid different trials for each orientation and used for the different analyses. Only 
trials in which participants accurately reported the orientation of the target stripe pattern were 
used; incorrect responses were discarded. In addition, trials with reaction times two standard 
deviations above and below the mean of each participant’s overall reaction times by shape 
orientation were not used in the calculation of the means for each condition.  
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Figure 1: A demonstration of the procedure for each trial, using horizontally oriented shapes and a horizontal stripe pattern as the 
target. After the shapes were presented, the target was displayed in one of three ways – valid (left end of the top shape in the 
display above) for 80% of the trials, invalid-same (right end of the top shape) for 10% of the trials, and invalid-different (left end 
of the bottom shape) in 10% of the trials. Shapes were also presented vertically on half the trials, and in half of each the 
horizontal and vertical shape trials, the stripe pattern inside the target end was vertical. 
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Results: 
 Valid vs. Invalid: The invalid means were calculated from the means of the two trial 
types (invalid same and invalid different). A Wilcoxon signed rank test for zero median was 
conducted to compare the difference between the two trial types. For the horizontal trials, there 
was a significant difference between valid (mean 716.93 milliseconds) and invalid (813.2 ms) 
trials (p<.0001). For vertical trials, there was also a significant difference between valid (684.25 
ms) and invalid (784.08 ms) trials (p=.00013). 
  
Figure 2: Valid versus invalid trials for both horizontal and vertical trial types. Both vertical and horizontal trial types were 
significant. 
 Invalid-Same vs. Invalid-Different: A Wilcoxon signed rank test for zero median was 
used to assess the data. For horizontal trials, a significant difference between the means was 
found (p=.0530; means 797.670 ms, invalid-same and 828.739 ms, invalid-different). Vertical 
results, however, did not produce significant results. The difference between means was in the 
opposite direction (invalid-same 788.20 ms, invalid different 779.97 ms), and the difference did 
not reach significance (p=0.8882). 
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Figure 3: invalid-same versus invalid-different trials. For horizontal trials, the effect was significant. 
 
Discussion: 
 The results of this experiment indicate that same-object advantage can be found even 
when using complex shapes. In the present experiment, this effect is only significant in 
horizontally oriented shapes. Vertical trials, on the other hand, showed a small numerical 
difference in the opposite direction; the cause of this is unclear but is explored further in the 
general discussion. These results indicate that even when objects have a high degree of 
irregularity, object-based attention is still more efficiently allocated than spatial attention, as 
indicated by the fact that reaction times were significantly longer for invalid-different targets 
than for invalid-same ones.   
EXPERIMENT 2: 
Methods: 
Subjects: Twenty-nine undergraduates at Boston College participated in this experiment 
as part of their research credit requirement in introductory psychology courses. Four of these 
subjects’ data sets were discarded due to accuracy rates at chance (40-60 percent). This meant 
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that twenty-five participants remained for data analysis. Informed consent was received from all 
participants in line with IRB protocol, and participants were again compensated with one 
research credit. 
Similarities and differences with the Experiment 1: Experiment 2 had a phase in which 
the same-object advantage paradigm was used that was almost identical to the one used in 
Experiment 1. However, before these participants completed the attentional experiment, they 
went through what was called a “training phase.” Four of the thirty shapes used in the previous 
experiment were selected and given names – “zug,” “wep,” “bax,” and “hif” – and participants 
learned to associate the names with the shapes prior to the “testing phase” of the experiment. 
Then, the “testing phase,” or same-object advantage paradigm, only involved the four shapes 
they had learned. There were seven different versions of Experiment 2, using twenty-eight of the 
thirty shapes used in Experiment 1. 
Training Phase Procedure: Each participant was first briefed on the general process of 
the experiment. Then, they were given time to look at the four shapes, presented both 
horizontally and vertically with their names on the monitor. After they had memorized the 
shapes, they were then quizzed on their knowledge. They first matched one of four shapes with 
its correct name – one name was presented at the top of the screen, along with all four shapes, 
and participants had to select the shape whose name was presented. There were 32 trials of this 
shape-to-name matching, using both horizontal and vertical shapes equally. Then, participants 
performed 32 trials of the opposite task, instead matching the correct name from the list of four 
with the shape presented at the top of the screen, again using both horizontal and vertical shapes. 
When participants answered correctly, a slide was presented for 500 milliseconds that 
congratulated them on answering correctly, at which point the next trial began. If the participant 
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answered incorrectly, a slide appeared for 2000 milliseconds telling them they had answered 
incorrectly and to attempt to respond again, followed by the experiment looping back to the 
beginning of the trial and allowing the participant to make a different selection. Once this 
training phase was complete, participants moved on to the same-object advantage trials, which 
were performed exactly as describe for Experiment 1, except that pairs were only composed of 
familiarized objects.   
Results: 
 Data for Experiment 2 was analyzed the same way as the data from Experiment 1. The 
means of each subject’s response times for valid, invalid-same, and invalid-different trials were 
calculated for the trials in which the participant provided the correct answer. They were again 
separated by shape orientation. 
 The data from the training phase was not analyzed, and the amount of leeway they were 
given on correct versus incorrect answers was high. The experiment was interested in the 
subjects being familiar with the shapes, and by the end of the training phase, subjects could 
clearly distinguish between the four shapes, assigning them the correct name on the first try at a 
high rate. Two subjects clearly did not learn the associations during the training phase; however, 
these participants also performed at chance accuracy levels on the testing phase, and thus their 
data was not included. Since familiarity was the interest in this study, all other subjects’ data 
were included in the analysis. 
 Valid vs. invalid: Each participant’s mean invalid-same and invalid-different reaction 
times were calculated to find a mean reaction time for invalid trials. Then, a Wilcoxon signed 
rank test for zero median was executed to investigate whether the difference between the two 
conditions was significant. It was for both horizontal (valid 701.729 ms, invalid 783.014 ms, 
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p=.0002) and vertical (valid 666.627 ms, invalid 753.510 ms, p=.0001). Figure 3 shows the 
comparisons of valid versus invalid means for both horizontal and vertical trials, along with the 
standard error.  
 
Figure 4: The mean of the means of each subject’s responses to valid versus invalid trials. The difference was significant for 
both horizontal and vertical trials.  
 
Invalid-Same vs. Invalid-Different: A Wilcoxon signed rank test for zero median was also 
conducted on the subject means of accurate trials between the two invalid trial types. For 
horizontal trials, there was a significant difference when comparing the invalid-same versus 
invalid-different condition (invalid-same 758.630 ms, invalid-different 807.399 ms, p=.0058). 
For vertical trials, still no same-object advantage was found. Instead, the mean of the reaction 
times for the invalid-same trials were shorter than the invalid-different trials (invalid-same 
767.489 ms, invalid-different 739.531 ms, p=.0827). The mean reaction times for each trial type 
are shown below in Figure 5. 
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Figure 5: The mean reaction times for invalid-same and invalid-different conditions in the training experiment. The horizontal 
trials showed a significant same-object advantage, while the vertical trials showed an effect in the opposite direction. 
 
Trained vs. untrained: Finally, the data for Experiment 1 and Experiment 2 were 
compared to see what the effect of training was on the difference in reaction time between 
invalid-same and invalid-different trials. Since the vertical trials did not follow the expected 
pattern, this analysis was completed only for the horizontal condition. A two-way ANOVA with 
repeated measures on one factor was completed. As opposed to the other significance testing, 
which all utilized a nonparametric test, a parametric ANOVA was used when no nonparametric 
equivalent was available. There was no significant difference between the trained versus 
untrained condition (p=.478), and no main effect of trial type x training (p=.49).  
Discussion:  
 These results indicate that, though there is a larger cost in reaction time for invalid-same 
versus invalid-different trials when subjects are familiar with the objects, this does not reach 
significance. This could mean that same-object advantage is not greater when individuals are 
more familiar with a (complex) shape than when they are unfamiliar. Thus, object familiarity 
does not increase the efficiency with which we spread our attention to the whole object.  
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 Alternatively, the fact that there was a numeric but insignificant difference could indicate 
that there is a difference in attending to familiar versus unfamiliar objects, but that this 
experiment is not sufficient to acquire a significant difference. Perhaps objects are attended to 
more efficiently and automatically when the subject is familiar, it just takes greater familiarity to 
find this result significant than what the participants gained from their exposure to these shapes 
within the time they were completing this experiment. Alternatively, the same-object advantage 
paradigm of Experiment 1 could be conducive to learning these shapes. If this were true, the 
difference in familiarity between the two conditions could be reduced, and thus be causing a 
smaller difference between the two experiments. 
General Discussion: 
The results of Experiment 1 indicate that same-object advantage can be produced in 
novel, irregular shapes, at least on the horizontal dimension. While previous studies have focused 
on rectangles or minimally complex, though perhaps unfamiliar, shapes (such as the “ribbons” of 
Avrahami (1999)), these data show that same-object advantage can be detected using different 
stimuli and that shape novelty does not negate object-based attention. Subjects still are able to 
attend more efficiently to objects than they are to the space surrounding them, even when the 
object is not familiar. 
 Of course, the fact that the participants were significantly slower at detecting the target in 
the invalid condition shows that that the spatial component of objects does exact a cost in 
reaction time. In same-object advantage paradigms, object-based and space-based attention are 
placed in direct opposition, and as a result, the further increase seen (in this experiment, for the 
horizontal trials only) indicates that attending to the whole object is prioritized over attending to 
the whole space inside of the attentional “zoom lens.” This happens even without prior 
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experience with the shapes, as evidenced by the fact that this experiment used “Attneave” shapes 
with which the participants had no prior experience. 
 This experiment presents some interesting results with regard to shape orientation. The 
horizontal trials followed the expected pattern, producing a significant difference between the 
invalid-same and invalid-different conditions. However, the vertical trials follow the opposite 
pattern. This result has not been found in previous studies – typically the data is collapsed across 
orientation, as it is in Egly et al. (1994), because no significant difference exists between the 
horizontally and vertically oriented objects. 
 The reasons behind this difference in horizontal and vertical orientations in this study are 
unclear. At first, it was thought that perhaps the monitor condensed the horizontal dimension 
greater than the vertical, which would in fact make the distance between the ends on horizontal 
shapes closer, as well as making the difference between the two ends of the different shapes in 
the vertical objects longer. However, this was proven to be untrue. Perhaps the irregular nature of 
the shapes made it more difficult to transfer attention along the vertical dimension in this 
paradigm, and individuals’ attention was preferentially spread across the horizontal dimension. 
This would be strange, given that horizontal and vertical trials were presented equally, with the 
same number of training trials and valid and invalid trials in the testing experiment.  There is 
likely something about this study that causes individuals to not attend to objects more efficiently 
in the vertically oriented trials, though it is not clear what exactly it was, because these trials 
were identical to the horizontal ones in every way but the shape orientation. Since no other study 
has seen this difference in shape orientation, however, it is likely that the difference is caused by 
some discrepancy created by the experimental design rather than something inherent in these 
objects that causes same-object advantage to disappear for only vertical shapes.   
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 The results also did not fit the hypothesis that there would be a significant difference in 
reaction time cost for those familiar with the shapes versus those unfamiliar with them. Though 
there was a greater difference between reaction time costs in the “familiar” condition (48.768 ms 
versus 31.050 ms), this was not enough to reach significance. Though there is a possibility that 
this difference simply is not significant, there are other tests that could be done to investigate the 
effects of shape familiarity on attending to objects. For example, though subjects did learn the 
association between the shapes and their names, the sixty-four trials, and roughly ten minutes, 
they spent learning them prior to the main experiment may not have been sufficient, especially 
since these shapes all had a high level of complexity. A rectangle, for example, would still be a 
much more familiar shape for these participants. Perhaps, if training was extended over multiple 
sessions so subjects became very accustomed to the shapes and their details became more 
engrained in their memory, the same-object advantage would return.  
On the other hand, it is possible that, since only thirty shapes were used in Experiment 1 
for 480 trials, the participants quickly became familiar with the shapes. This familiarity could 
have decreased the effect seen because the shapes were not truly “novel.” It may not have been 
the conscious process as it was in Experiment 2, but that does not mean this increased exposure 
didn’t have an effect. Perhaps if trials compared truly novel shapes (with a new Attneave shape 
for every trial) with shapes the subjects were very familiar with, such as real-world objects, the 
effect would be greater. This would take away one of the strengths of the current study – that the 
shapes used in both conditions were the same – but it would perhaps increase the effect 
suggested in this study to make it significant if familiarity does affect attention to objects. 
There is a possibility that, if truly familiar and truly novel shapes were used, there would 
be no difference in the amount of same-object advantage. Perhaps the fact that participants were 
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trained to learn these shapes, and thus were predisposed to think in terms of objects more than 
they would have been otherwise, could have biased participants to attend to objects more 
efficiently. This could then be causing the increase of same-object advantage, rather than an 
actual increase in efficiency of attending to objects that have become familiar. If an experiment 
was using shapes that are already familiar, the training phase would perhaps not be necessary, 
and this difference is the key in assessing whether there is actually an effect of familiarity or if 
the experience of attending to shapes prior to performing a visual attention task affected the 
results in a certain way. 
Nonetheless, this study showed that there are both object-based and space-based 
components to visual attention in shapes with which participants have no prior experience. 
Though (in the horizontal condition) there is a reaction time cost when the target is in a different 
location, it is less than the spatially equidistant but opposite-object location. These results are in 
line with a more integrative approach to understanding visual attention advocated in previous 
experiments. Though object-based attention is more efficient, it is not completely “automatic” or 
“equal” in the sense that the cued location still receives the largest amount of attention. From that 
location, it seems that the object receives preferential attention over the rest of the surrounding 
space, and, although this study’s results were not significant, there is a possibility that the 
efficiency of this object-based attention increases with object familiarity that could be further 
explored. 
These results, taken together, indicate that same-object advantage can be found in more 
complex shapes. Perhaps, in addition, this paradigm can be used as a measure of object 
familiarity. The current study did not find a significant difference between the trained and 
untrained condition, but the results were numerically heading in that direction. The fact that these 
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shapes were more complex and possessed irregular contours means that this could be a first step 
to investigating same-object advantage in everyday objects, which are not linear and simple like 
the rectangles usually used in same-object advantage paradigms.  
Furthermore, if familiarity ultimately is shown to increase same-object advantage, this 
could indicate that familiar objects are attended to more efficiently than unfamiliar ones, though 
both tend to “grab” attention more than the space surrounding them. This would be an important 
finding in how we make sense of the world around us, and decide what it is important to allocate 
our attention to. It would then seem as if our attention spreads throughout familiar objects more 
quickly than it does through unfamiliar ones, and thus that we are capable of attending to objects 
more quickly when we know them than when we do not. 
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